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INTRODUCTION 


CHAPTER 1 
INTRODUCTION 


1.1 DESCRIPTION 


The MS780-E/F is a new memory option for the VAX-11/780. It uses 
64K MOS RAM chips to increase the amount of memory available on a 
Single array module to one megabyte. The MS788-E replaces’ the 
MS788-C memory and is made up of an SBI interface and two memory 
controllers, each of which can access up to eight arrays. A 
Single backplane can accommodate 16 one-megabyte arrays, and the 


memory can be expanded to two full MS789-E assemblies. An 
assembly or memory subsystem consists of a backplane, an SBI 


interface board (M8376), two controllers (M8375), and an_e even 
number of arrays (M8373). 


The memory is internally interleaved (normal) when there are _ two 
controllers in the MS78@8-E assembly. It is noninterleaved when 
there is only one controller. When internally interleaved, the 
assembly is expanded in two-megabyte increments. A single 
megabyte can be added only when the memory iS noninterleaved and 
there is only one controller in the assembly. 


External interleaving is possible with a memory of the same_ type 
and size, and when both memories have only one controller. 


External interleaving is software controlled; the other forms of 
interleaving are hardware controlled. The MS788-E cannot be 
interleaved with a MS780-C memory. 


More than one type of memory can be on a system; however, mixed 
types cannot be interleaved with one another. Each type must have 
Separate address spaces. 


The MS78@0-F refers to array expansion of this option. 
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12 FEATURES 
l. Memory type: 64K MOS N channel RAM. 
2. Memory size: 
a. One megabyte per array 
b. Up to 16 arrays per MS78@-E assembly 


c. Up to two MS789-E assemblies per CPU (VMS now supports 
only two) 


3. Error correction (ECC): 
a. Single-bit error correction 
b. Double-bit error detection 


4. Memory configurations: 


ae MS780-EA 4—-Mbyte system expansion, controllers, and 
power 

b. MS780-EB 240 V, 58 Hz version of MS780-EA 

Cc. MS7809-EC 2-Mbyte system expansion, controllers, and 
power 


dad. MS788-—ED 248 V, 58 Hz version of MS7868-EC 


e. MS780-FA 2-Mbyte expansion 
ff. MS780-FB 4-Mbyte expansion 
g. MS788-FC 6-Mbyte expansion 
h. MS780-FD l-Mbyte expansion 
1. MS789-FF 18-Mbyte expansion 
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13 PHYSICAL TOPOLOGY 
1. Board locations (refer to Figure 1-1). 
2. MS788-E assembly location (refer to Figure 1-2). 


3. Power connections (refer to Figure 1-3). 


MODULE UTILIZATION MS780 E/F 


2 
8373 1MB 
8375 UPPER CONTROLLER 


8373 1MB 
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* OPTIONAL IF NOT INSTALLED 
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Figure 1-1 Module Location Diagram 
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Figure 1-2 MS789-E Assembly Locations 
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Figure 1-3 Power Connections 
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1.4 MODULES 


1. 


SBI interface (M8376) -- One SBI interface board per 
assembly. This board handles the interactions between the 
SBI and the memory. It contains: 


a. Decode logic 

b. Two configuration registers (A and B) 

c. Data latches (registers E and F) 

ad. Arbitration logic 

e. Control logic 

f. DBUS (data) from the SBI interface to the memory 
controller 

g. ABUS (address) from SBI interface to memory controller 

Memory controllers (M8275) -- There are _ two memory 


controllers per assembly, each of which can access up to 
eight memory arrays. Each controller contains: 


Ae 


b. 


Input/foutput buffer data latches 
Command/address buffer latches 

ECC logic 

Two configurations registers (C and D) 
Refresh and initialization logic 
Controller microsequencer 


DBUS (data) from the memory controller to the SBI 
interface 


MBUS (data) from the memory controller to memory 
arrays 


ABUS (address) continuation to memory arrays 


1.5 


INTRODUCTION 


CAUTION 
DO NOT place a controller module (M8375) in 
slot 11, the location for the SBI interface 
module. If this is done, -5V will be applied 
to a chip. on the controller module and may 
short out the chip. 


3. Array modules (M8373) -- Each array module is arranged in 
a matrix of 256K address bits by 39 data bits to produce a 
one-megabyte array using 64K RAMS. The 39 bits are made 
up of a 32-bit longword and 7 ECC bits. Logic on the 
array module consists of: 

a. Address MUX 

b. Input data buffers 

Cc. Output data MUX 

d. MBUS (data) from array to memory controller 
MISCONFIGURATION LED 


There is an LED on the SBI interface module that lights if there 


is 


a 


misconfiguration. The LED lights when any of the following 


conditions are met: 


1.6 


1. 


The number of arrays to which each of the two controllers 
have access is not the same. For example, if the lower 
controller has access to 4 Mbytes, the upper. controller 


must also have access to 4 Mbytes. 


The arrays are not in consecutive slots. 


The arrays have different RAM types. 


SOFTWARE REQUIREMENTS 


1. 


26 


VMS VerSion 3.2 or higher. 


VMB.EXE Version 3 or higher (shipped with VMS Version 3.90 
(33 blocks)). 
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17 MAINTENANCE PHILOSOPHY 


The MS788-E maintenance philosophy is the same as that for the 
VAX-11/78@ itself, which is module replacement. The 
microdiagnostic should provide problem isolation to the board 
level. 


Should a memory controller failure occur, the MS788-E is capable 
of running in a degraded mode with one controller and its arrays. 


Because the memory detects and corrects sSingle-bit errors, array 
modules with such errors should not be replaced until a double-bit 
error occurs. 


1.8 THROUGHPUT AND ACCESS TIMES 


Table 1-1 lists the access times and throughput for the memory 
system for each command type. 


A distinction is made between Byte Writes and Full Writes (for 
both longword and quadword Writes), since they involve different 
procedures at the memory controller level and below, and therefore 
have different cycle lengths. 


In addition, Read accesses that result in single-bit errors are 
followed by a correction routine that extends their access and 


cycle times. Categories of Read cycles with correctable errors 
are included in the table. 


Access time is defined from the SBI point of view. It is the 
interval (in increments of 248-ns SBI cycles) from the 
command/address beginning transmission on the SBI (bus T@ time) to 
the time requested data is enabled onto the bus (also T@). 


Cycle time is the interval between commands of the same _ type, 
repeated at the maximum rate the memory system can sustain without 
returning a BUSY to any requester. In interleaved modes, it is 
assumed that the command stream accesses both controllers with 
approximately equal probability, with no more than three 
consecutive commands to the same controller. This takes full 
advantage of the system's interleave capability. 


INTRODUCTION 


Table 1-1 Access and Cycle Times (in SBI Cycles) 


Single Error Single 
No I Error in 

Command Error lst Word 2nd Word Each Read 
Longword Read 

Access 3 4 - 

Cycle (Interleaved) 2* 25 - 

Cycle (Noninterleaved) 2 5 - 
Extended Read 

Access 3,4 4,5 375 4,6 

Cycle (Interleaved) 3* 3,5 3 4 

Cycle (Noninterleaved) 3% 7 6 8 
Longword Write (Byte) 

Access - - = 

Cycle (Interleaved) 2* Ze - 

Cycle (Noninterleaved) 4 5 = 
Longword Write (Full) 

Access - _ - 

Cycle (Interleaved) 2* ~ ~ 

Cycle (Noninterleaved) 3 - - 
Extended Write (Byte) 

Access - - - 5 

Cycle (Interleaved) 3* 3.5 oe 4 

Cycle (Noninterleaved) 6 7 7 8 
Extended Write (Full) 

Access - - _ 

Cycle (Interleaved) 3* - - 

Cycle (Noninterleaved) 4 - - 


* SBI-limited. At these cycle times, memory throughput is limited 
to the maximum rate the SBI can sustain. 
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CHAPTER 2 
MEMORY ADDRESS SPACE 


The 28-bit SBI address field defines 268,435,456 longword 
addresses, which are divided into two sections by the most 


Significant bit. The lower half is reserved for memory and_ the 
upper half is reserved for I/0 space. For memory alone, this 


represents over 134 million longwords, or 512 Mbytes. 


The user hasS access to the physical address space by uSing’ the 
30-bit byte address space available at the console. Since NEXUS 
addresses are longword addresses, the system converts the physical 
byte address (30-bit) to the SBI longword address (28-bit). 


From the console, addresses from 99009009 to I1FFFFFFF are legal 
physical addresses to memory. Addresses from 290090000 up are I/O 
space. 


For information on the relationship between the physical byte 
address and the SBI longword address, see Chapter 16, Synchronous 
Backplane Interconnect, in the VAX Hardware Handbook (EB-17281). 
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CHAPTER 3 
CONFIGURATION REGISTERS 


The MS789-E memory useS Six addressable registers (refer to Figure 


3-1). They are addressed by six consecutive longword addresses 
(hex console addresses) beginning: 


At 200020090 if the memory is backplane-jumpered to TR l. 


Le 

2. At 20904000 if the memory is backplane-jumpered to TR 2. 
3. At 20006000 if the memory is backplane-jumpered to TR 3. 
4 


- At 20008008 if the memory is backplane-jumpered to TR 4. 


Register A is located on the SBI interface board (M8376). Its 
primary function is fault and status information. It also reports 
memory size, RAM type, and interleave mode. 


Register B is partially on the interface and partly on _ the 
controller boards. The upper half, on the interface, stores the 
Starting address of the system and is on battery-backup, so a warm 
Start should not require rewriting. The lower half is duplicated 


on each controller. Writing the bits in the lower half of the 
register causes the bits to be written on both controllers. 


Register C, on the lower controller (@), and Register D, on_ the 
upper controller (1), are identical in bit assignments and are for 


ECC status and diagnostics. 


Registers E and F are two longword data latches on the _ SBI 
interface which store, respectively, the lower and upper longword 
of a quadword write data. These two registers can be written to 
and read from to verify SBI transfers. 


The following is a list of the registers and their addresses, 
assuming that the TR level of the MS78@-E is l. 


Register Address 


200020008 
28002004 
20002088 
299B20GC 


280092010, 29902018, 299G82G1C 
200929814 
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REGISTER A 2000X000 
31 30 29 28 27 2625 2423 22 21 20 1918 1716 15 14 090807 0504 0302 


oe MEMORY Eee AOREIEE aa a on 
USED CODE TYPE INTERLEAVE 
MODE 


INTVL MODE WRITE ENABLE 
CNTR O MISCNFG 

CNTR 1 MISCNFG 
MISCONFIGURE 

CNTR OPAR ERR 

CNTR 1PAR ERR 

ERROR SUMMARY 

NOT USED 

POWER UP 

POWER DOWN 

TRANSMIT FAULT 

SBI MULTIPLE TRANSMIT FAULT 
SBI INTERLOCK SEQUENCE FAULT 
NOT USED 

SBI WRITE SEQUENCE FAULT 
SB! PARITY FAULT 


TK- 10078 


REGISTER B 2000X004 


31 28 27 19 18 15 1413 12 1110 0908 07 06 00 


a en ae RE, 


ee 
NOT USED START ADR NOT USED DIAGNOSTIC ECC BITS 


NOT USED 

——~- REFRESH LOCK 
DIAGNOSTIC MODE SELECT 
FORCE DBUS PAR ERR 

INIT & BATTERY STATUS 
START AOR WR EN 
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Figure 3-1 Configuration Registers (Sheet 1 of 2) 
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REGISTERS C AND D 2000X008 AND 2000X00C 
31 30 29 28 27 11 10 09 08 07 06 


ROAR ADR ERR af evNDROME/CHIEK: BITS 
MICROSEQUENCER 
ERROR LOG REQUEST PARITY ERROR 
HIGH ERROR RATE NOT USED 
INHIBIT CRD CRD FLAG 
RDS FLAG 


FORCE MICROSEQUENCER PAR ERR 


TK-10079 


REGISTERS E ANDF 2000X0!I0 AND 2000X0I4 


31 00 
D A if A 
TK-10080 


Figure 3-1 Configuration Registers (Sheet 2 of 2) 
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3.1 REGISTER A 


Table 3-1 lists the bit functions and their meanings. 


Table 3-1 Register A Bit Functions 
Bits Function Description/Interpretation When Set 
31 SBI Parity An SBI information path parity error 
Fault has occurred. Read-only. 
38 SBI Write Failure of a Write command to be 
Sequence followed immediately by a Write 
Fault Data Format command. Read-only. 
29 (not used) Reads aS zero. 
28 SBI Interlock An Interlock Write command was not 
Sequence preceded by an Interlock Read 
Fault command. Read-only. 
27 SBI Multiple Received ID is not the same as the 
Transmit Fault sent ID. Read-only. 
26 Transmit Fault Memory was the transmitter when the 
error occurred. Read-only. 
25,24 (not used) Read aS zeros. 
23 Power Down A power-down sequence is underway. 
Clear when bit 22 is set. 
Read/write 1 to clear. 
22 Power Up A power-up sequence is underway. 
Clear when bit 23 is set. 
Read/write 1 to clear. 
21 (not used) Reads aS zero. 
29 Error Summary Set if any of the following are set: 


1. Internal parity errors (Reg. A 
bits 19, 18; Reg. C bit 7). 

2. Misconfigure warning A bits 

Lg 265 -15)% 


(Reg. 


3. Error log request (Reg. C bit 28). 
Cleared only when all the above 
bits are clear. 


Bits 


19 


18 


17 


16 


15 


14:9 
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Table 3-1 Register A Bit Functions (Cont) 


Function 


CNTR 1 PAR ERR 


CNTR 9 PAR ERR 


Misconfigure 


CNTR 1 MISCNFG 


CNTR @ MISCNFG 


Memory Size 


Interleave Mode 
Write Enable 


Adapter Code 


RAM Type 


Bits 4 3 


4) 4) 
9 1 
1 4) 
1 A 


Description/Interpretation When Set 


Read data from the upper controller 
to interface had parity error. Bad 
data is sent on SBI with corrected 
parity and RDS tag (double-bit 
errors). Read/write 1 to clear. 


Same as bit 19 but for the lower 
controller. 


In internally interleaved mode, set 
by an unequal number of arrays with 
each controller. 


Misconfiguration in upper controller 
memory. Illegal array arrangement 
(no arrays or no controller). 
Read-only. 


Same as bit 16 but for the lower 
controller. 


Memory system capacity from 1 megabyte 
(@88008) to 64 megabytes (111111). ° 
Capacity is a function of RAM size, 
interleave mode, and the number of 
array boards. Count is binary. 


When set, permits write to bits <2:9> 
which establish interleave mode. 
Write-only. Reads as @. 


Fixed set of bits identifying the 
MS780-E subsystem. Bits 7:5 read 
as 911. Read-only. 


Identifies sizes of RAMS on arrays. 


Misconfigured; no array boards in 
backplane. 


64K RAMS eure arrays) 
256K RAMs (4-Mbyte arrays) (future). 


Misconfigured; both array types in 
backplane. 
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Table 3-1 Register A Bit Functions (Cont) 
Bits Function Description/Interpretation When Set 


2:9 Interleave Mode indicated according to the following: 


Bits 2 1 9g 


Noninterleaved lower controller (hardware). 
Noninterleaved upper controller (hardware). 
External interleaved lower controller 
(software). 

6 1 1 External interleaved upper controller 
(software). 


1 @ @ Internal two-way interleaved (hardware). 


9 @ 
@ 1 
G8 @Q 


Mm Q® 


Upon power-up, these bits are set according to the hardware 
configuration appropriate to the number and position of memory 
controllers present. Bits are read/write (write-only if bit 88 is 
set). If there are two MS780-EsS, bit 68 must be set by the 
software for external interleaving. Bits 91 and 62 must not be 


changed; if they are changed, a misconfiguration error will 
result. 


3.2 REGISTER B 


Table 3-2 lists the bit functions and their meanings. 


Table 3-2 Register B Bit Functions 


Bits Function Description/Interpretation When Set 
31:28 (not used) Read as zeros. 
27:19 START ADDR Specifies the memory system starting 


address in 1-Mbyte increments. VMS 


software controlled. Read/write. 
Write when bit 14 is set. 


18:15 (not used) Read as zeros. 


14 START ADR WR EN’ Enables writing to bits 27:19. 
Write-only. 


Bits 
13:12 


1l 


19:9 
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Table 3-2 Register B Bit Functions (Cont) 


Function 


INIT and 
Battery 
Status 

Bits 13 12 


0B 4) 


HHS 
mH Ore 


Force DBUS PAR 
ERR 


Diagnostic 
Mode Select 


Bits 19 9 


H~ Qs 
rea FS 


1 


Refresh Lock 


(not used) 


Diagnostic 
ECC Bits 


Description/Interpretation When Set 


Indicates if memory is coming up from a 
cold start and is initializing the 
memory, or if valid data is preserved 
in the memory arrays. 


Initialization in progress (memory 
written with zeros and BUSY to any 
SBI commands). 

Memory contains valid data. 
Invalid combination. 
Initialization completed, no valid 
data in memory. 


When set, Read Data from the controllers 
to the SBI interface has an error and a 


Read Data Substitute is forced. Register 
access is unaffected. Read/write. 


There are three diagnostic modes that 
exercise various controller functions 
and four data paths and their latches. 
Read/write. 


Normal operation. 


Diag. Mode 1 -- Verifies check bit 
generation logic and controller data path. 
Diag. Mode 2 -- Verifies ECC logic. 

Diag. Mode 3 -- Verifies check bit MOS RAMs. 


Controller cannot execute read/write 
cycles when set. 


Reads as zero. 


Loaded with substitute ECC bits in 
conjunction with diagnostic modes. 
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3.3. REGISTERS C AND D 


These registers are the same. Register C iS on the lower 
controller (slot 108) and Register Dis on the upper controller 
(slot 12). The function of these registers is primarily for error 
logging. 


Table 3-3 lists the bit functions and their meanings. 


Table 3-3 Registers C and D Bit Functions 


Bit Function Description/Interpretation When Set 

31 Force Causes the wrong parity across the 56 
Microsequencer PROM bits of the microsequencer data 
PAR ERR field. Sets bit 7. Read/write. 

36 Inhibit CRD Prevents single-bit errors from sending 


CRD with read data on the SBI. Error 
log requests (bit 28) and CRD error (bit 
9) are still set by a single-bit error. 


29 High Error Indicates a second error has been detected 
Rate before the first was serviced and cleared. 
28 Error Log Notification of an error on a memory read. 
Request Details of the error are logged in other 
bits. 
27:11 Error ADR Memory address to the page level of the 
error. Valid only if bit 28 is set. 
Read-only. 
Bits: 27 Controller Select 
26:24 Array Select 
23322 Array Bank Select 
21213 RAM Page Address (256K RAMs) (future) 
or 19:11 RAM Page Address (64K RAMs) 
198 RDS Flag Multiple-bit error detected. Read/write 1 


to clear. 


9 CRD Flag Single-bit error detected and corrected. 
Read/write 1 to clear. 
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Table 3-3 Registers C and D Bit Functions (Cont) 


Bit Function Description/Interpretation When Set 

8 (not used) Reads aS zero. 

7 Microsequencer Detected parity error across the 56-bit PROM 
PAR ERR data. Read/write 1 to clear. 

6:0 ERR Syndrome/ Stores 7-bit error syndrome or 7 check bits, 
Check Bits depending on the diagnostic mode set in 


Register B. Read-only. 


3.4 REGISTERS E AND F 


These are the two data latches on the SBI interface board and may 
be addressed as registers for diagnostic purposes. After they 
have been written to, they may be read from, causing data to be 
output onto the internal DBUS (data bus also called the BUS IF) 
and sent back onto the SBI through the SBI transceivers. This 
procedure accomplishes a data wraparound within the interface. No 
controllers need be present. 


3.55 PHANTOM REGISTERS 


There are two phantom registers, or two legal addresses, above 
Registers E and F that may be written to or read from without 
affecting memory arrays and result in normal interface bus cycles. 
Their presence is the result of the fact that three bits were 
needed to allow legal access to six registers (A through F). When 
three bits are used, eight addresses became available, and since 
having two more legal addresses does no harm, they are _ included. 
These two phantom addresses are valid for Register E but not for 
Register F. 
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CHAPTER 4 
SYSTEM BLOCK DIAGRAM 


4.1. BASIC ARRAY CYCLE 


Figures 4-1, 4-2, and 4-3 are block diagrams of the MS780-E 
subsystem, showing the major Signal pathways and functional 
circuit blocks. A more thorough description of their operation 
may be found in the MS780-E Technical Description (EK-MS78E-TD). 


The SBI interface receives commands through its Interface 8646 SBI 
transceivers. Command and address information is latched and 
decoded to determine its applicability to the memory’ system. 
(These commands are transferred by the information field of the 
SBI, B <31:89>). Command and address information is stored in the 
one-deep command/address latch if it is empty. Tests (valid array 
address, valid tag and function, and good parity) are then 
performed, and if all tests are positive, the latch is closed 
(considered full) and MEM GO is asserted to the controller from 
the MEM GO logic. 


Each controller has a capacity for two-deep storage of 
command/address information and associated data. If neither 
buffer is full, MEM GO causes the deSignated controller to start a 
memory cycle immediately at the addressed array board. If one is 
full (a cycle is underway), the command is loaded into the other, 
and the SBI interface is again ready for new commands. If both 
are full, the interface waits with the latched command until the 
controller becomes available. It refuses new commands on the SBI, 
sending back a BUSY confirmation. 


The controller acceptS new commands with CONTROLLER GOT IT, 
clearing MEM GO and reopening the SBI interface command/address 
latch. All memory cycles start as a read of the selected array. 


If the command is a Write, the correct write pulse (or pulses’ for 
a quadword write) is generated by the controller, and the data 
word plus ECC bits are stored in the array RAMs. 


If the command is a Read, the data and ECC bits are returned from 
the selected array and checked for errors in the controller error 
detection logic. Good data is passed to the data output latch on 
the controller. 
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SBI ARBITRATION TR <15:00> 


S81 CONFIRMATION & FAULT SBI INFORMATION 6 <31:00> 
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Figure 4-1 MS78@-E Block Diagram (Sheet 1 of 3) 
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Figure 4-1 MS78®-E Block Diagram (Sheet 2 of 3) 


& w «) y z TK-10104 


WYYOVIG MOOld WaLSAS 


CHECK 
BITS (7) 


CHECK BITSOUT BANKS 1&3 


amnamermmara 


CHECK BITSOUT BANKSO& 2 


Figure 4-1 MS788-E Block Diagram (Sheet 3 of 3) 


ARRAY 0 
PRESENT 
RAS, CAS, WR RAG ADDRES 
M8373 TIMING & CONTROL UL TIEEEK 
MEMORY 
ARRAY 
BOARDS l 
ADDR, RAS, CAS, WR DRIVERS 
64K X 39 : 64K X 39 64K X 39 : 64K X 39 
| DATA OUT BANKS 1&3 
BANK 0 | BANK 1 S BANK 2 | BANK 3 
DATA OUT BANKS 0 & 2 


TK-10103 


WYYOVIG YOOTd WHLSAS 


8646 
TRANSCEIVERS XMT PAR PAR 1 FROM 


CONTROLLERS 
DBUS 


PARITY 
GENERATE 


DBUS: MEMORY 


DBUS 00-31 READ/WRITE DATA 


CNFG C&D READ 
DATA 
INTERLEAVE 
MODE 
er 1 CNFG/ROM CNFG CNFG 
SBIDATA ADOR DECODE FAULT REGISTER A REGISTER B 
STATUS ROM ADDRESS 
DATA si STARTING CONTROLLER A0-A9 
LATCH 2 CHEGIRO ERROR SUM 4 CONTROLLER/ECC 
CYC ERROR (2 LINES) 
PARITY 1 SBI REC BITS 00-31 
PAR 1 
RECON COMMAND 
ae PARITY LATCH ABUS: 
CHECK : 
PARITY a Mur 26 ARRAY ADDRESS, 
PAR O (LATCH 0} CONTROLLER SEL, 
ADDRESS BD SEL, BANK SEL, 
LIMIT (DO ARRAY COMMAND 
CONFIRM 0,1 TE A CYCLE 
ST OR OK ) 1 cee 


SBI TAG, 


SK ig 2 CONTROLLER GOT IT 
MA 
e PAR OK LOGIC 
ee Pree GOOD ANY CYCLE 
XMT PA TO CONFIRMATION LOGIC 
rane | fee | | 
Te Gur INTERLOCK BUSY 


(TO SBI) 
PARITY 0 ae aon Nr [py NA 
MEMORY ARRAY QTY 
INTERLEAVE MODE 2 ARRAY MISCONFIGURED 


FAULT 
— LATCH MISCONFIGURATION (LED) |(TO REGISTER A) é 


DO CNFG/ROM CYC DISABLE ARRAY CYCLES 
RAM SIZE (ARRAY BACKPLANE) 


ALERT ID 
—_ FAULT 
FAULT 
BETECE FAULT STATUS (CNFG A) MASK 
ALERT POWER SUPPLY AC LO, DCLO SEND TR ae SEND TR/DATA RDY FROM CONTROLLERS 
aniccie POWER_UP STATUS SBITRO-15 >40C 101 __ BEND HOLD ARBITRATION 51 ABUS COMMANDS 
| A edi IA Fa ee Seer re oe 
OL ; : 
BEAD INIT 91 CNFG A,8,C,0:ROM 
SBI CLOCKS maa paliiats pt angrier ad 
SBI CLOCKS 10216 SINGLE-STEP MODE 


2 CONTROLLER CLOCKS 
(UNINTERRUPTED) 
SINGLE-—STEP MODE 


TK-10107 


CONTROLLER CLOCKS TR SEL (BACKPLANE) 
Soy lee ee al 


Figure 4-2 SBI Interface Block Diagram 


WYYOVIdG AYOO1d WAHLSAS 


9-7 


FROM/TO 
SBI INT 3 


DBUS 00:31 


CNFG 


ERA REGC 
(32 BITS) 


REGB 
{16 BITS) 


LO DATA Mi DATA 
QLATCH Q LATCH 
BUS PAR ERR 


MI DATA 


tO DATA 


(TO $81 INT) OuTPuT OuTPYT 
FORCE BUS LATCH LATCH FROM/TO 
PAR ERR ARRAYS 
DIAG MODE BITS CB/SYNDAOME | pagity | 
DIAG CBS BUS GENERATION 
INIT BITS INHIBIT CRD BIT & CHECKING oATA 
P 
CYCLE DONE——finPUT EOREE SEO ATEN 
MEM GO LATC! ERROA FLAGS 
CTLA SELECT QUEUE ARRAY ADDRESS BUS 32 M BUS 00.31 
B ROW/COLUMN MIXED ADORESS 
1 ROW ADDRESS 09 
1 COLUMN ADDRESS 09 DATA 
A BUS CB/SYNO SPECIFIER 
80/BK ERROA 
ADDRESS DECODING FLAGS 
CHECK BIT 
INPUT 
LATCH j 
? 
TA SPECIFIER aera 
a RAM ADDRESS - 
BUS 
BO/BK ADORESS 
SEO PAR ERR 
PH1t CONTROL SIGNALS 
(TO SBI INT) ARY OPRESENT 
CONTROL PH2 CONTROL ARRAY ARY 1 PRESENT 
PROMS | SIGNALS SIZE ARY 2 PRESENT 
ommes ead ee ARY 3 PRESENT 
OL7S CLK ; ARY 4 PRESENT 
CLOCK Ptt3 CONTROL LOGIC ARY 6 PRESENT 
COMMAND catch CMD X REG SIGNALS ARY 7 PRESENT 
mares i CNFG FNGP 1(64K RAMS) 
MICROSEQUENCER BFR T0 & T2CLK | ERROR FNGP 2 (256K RAMS) 
VK-10106 


Figure 4-3 Memory Controller Block Diagram 
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SYSTEM BLOCK DIAGRAM 


In the meantime, the SBI interface has been arbitrating for SBI 
time on the assumption that data is on its way from the arrays. 
When two conditions are satisfied (ARB OK is received from the 
DC1g1 arbitration chip and DATA RDY is7 returned from the 
controller), the controller data out latch is enabled and the data 
is passed on to the SBI at the next cycle. 


4.2 CONFIGURATION REGISTER AND ROM CYCLES 


The SBI interface also contains logic to check the _ received 
address for access to ROM or configuration register space (REG/ROM 


ADDRESS DECODE). When a valid Read command has been decoded, the 
selected register or ROM output is enabled and the requested data 


is made available to the 8646 bus’ transceivers. Arbitration is 
Simultaneously underway. When ARB OK comes back, the data can be 
transmitted on the SBI during the next cycle. Valid Write 
commands can load new data into the registers. 


4.3 SUBSYSTEM CONTROL AND DATA PATHWAYS 


The three basic elements of the memory subsystem communicate with 
one another largely over three buses: ABUS, DBUS, and ARY BUS. 


Between the SBI interface and the two memory controllers, the ABUS 
sends all command/address information to the controllers for’ array 
reads and writes. This is primarily a one-directional bus, which 
is always enabled for maximum speed in initiating memory cycles. 
Within the ABUS, the command takes only two lines: RD/WR and EXT 
(Extended Cycle Type). In conjunction with MEM GO and the mask 
bits, these define the varieties of cycles the controllers are _ to 
perform. The other 24 ABUS lines are for address: 18 for RAM 
address, two for bank select, three for board select, and one _ for 
controller select. (Some of these lines will be implemented when 
and if 256K RAMS are used.) 


All data transfers between the SBI interface and the controllers 
and within the SBI interface (REG/ROM accesses) make use of the 
32-bit DBUS. This bidirectional bus sends data one way or the 
other depending on the phase of the SBI clocks: 


1. From T@ to T2, the ath from the interface to’ the 
controllers can be enabled. 


2. From T2 to T%, controller outputs can be enabled to_- send 
data back to the Interface 8646 inputs for transmission on 
the SBI. Register and ROM outputs are also enabled in the 
T2' to T@ time slot. 


SYSTEM BLOCK DIAGRAM 


Between a controller and its eight (maximum) arrays, the 
bidirectional data path is designated as ARY BUS. It is 39 bits 
wide (32 data and 7 ECC bits). Within the controller, the 


internal data path is known as MBUS, which is also 39 bits wide. 
On Write cycles, one of the controller input data latches is’ the 


Source of 32-bit data to the MBUS. On the MBUS, there is also ECC 
logic which generates the seven check bits based on that data. 


The MBUS passes them to the array on the check-bit portion of the 
MBUS. On Read cycles, one array is enabled and sources 39 bits 


back to its controller. The ECC logic examines the MBUS data 
again, tests the returned check bits, and rules on the data 


integrity. Good data passes from the MBUS back to the DBUS 
through the data output latches for transmission to the SBI. 


Address and control lines to arrays from the controller are 
one-directional and are always enabled. Each array sources two 
signals used by the controller and the SBI interface: MEMORY 
PRESENT and RAM SIZE (64K or 256K). These signals identify which 
array slots are occupied and permit calculation of the total 
memory size for the SBI interface address test logic. 
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CHAPTER 5 
POWER SUPPLY REQUIREMENTS 


The MS78@-E requires a new power supply with an additional +5V 
power regulator that replaces the +12V regulator used in operating 


the MS780-C memory. The ee ae power supply has three +5V 
voltage regulators, two of which produce 25 amps and are battery 


backed up and one which produces 58 amps and is not backed up. 


The memory array requires only +5V power for operation. To 
minimize the power required from the battery backup supply, the 
+5V voltage plane has been partitioned into two separate planes 
called +5VB and +5V. Only the +5VB needs to be battery backed up 
to maintain data integrity in the event of power failure. 


Table 5-1 lists the power requirements for this array in the 
active and standby states. The active state is defined as the 
fastest possible operation which is continuously accessing with 
60@-ns cycles. The standby state is defined as operation with 
refresh cycles that occur only once per 12.5 psec. 


Table 5-1 Memory Array Power Requirements 


Active Standby 
Typical Maximum Typical Maximum 
+5VB 4.45 A 6.38 A 1.26 A 1.68 A 
+5V 9.75 A 9.90 A 0.75 A 9.90 A 


The tolerance on both +5V supplies is +5%. This includes’ ripple 
voltage as well as dc variations. 
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DIAGNOSTICS 


CHAPTER 6 
DIAGNOSTICS 


The only diagnostic designed explicitly for the MS78@-E/F memory 
is ESKAR, or Micro3. It is run like any other microdiagnostic. 


Below is an example of running Micro2 and Micro3. 


Micro2 does not test the MS789-E and so produces the following: 


>>>T 

ZZ-ESKAB V14.9@ 

3D,3E, 

CPU TR = 98869090019 

MS78@0-E 64K CHIP AT TR @8800001 (Micro2 recognizes MS78@-E 
MAX ADDRESS+1l= 98200002 memories but fails when it 

DW788 AT TR O@B00GGG3 tries to test them.) 


RH789 AT TR @69900G8 


RH780 AT TR BBGBBBB9 
NO MEMORY CNTRLLRS 
DEP CNTRLLR ADDR IN RC®#@ AND TY LO 


?ERROR: 1l1CA TEST: @917D SUBTEST: @@6@1 


TRACE: 09, 


FAILING MODULES: M8214, (Not a module in the 
MS780-E.) 


MIC> 


DIAGNOSTICS 


Running Micro3 produces the following results: 


2>>T 
ZZ-ESKAB V14.@ 


ESKAR-V1.9 

3D,3E, 

CPU TR = 99900019 

MS78GE 64K CHIP AT TR 89GOGBO1 
LOWER CNTRLLR MAX ADDRESS+1= 9691980009 
UPPER CNTRLLR MAX ADDRESS+1= 9910009090 

DW788 AT TR 8B6BBBGH3 

RH788 AT TR @8B8GGG8 

RH786 AT TR @8BB8GB9 


3F,40,41,42,43,44,45,46,47,48,49,4A,4B,4C,4D,4E,4F,50,51,52, 


MS780-EF IO BASE ADDRESS = 28992000 
LOWER CONTROLLER MAX ADDR + 1 = 961990890 
BOARD NUMBER = 68900009 
NUMBER OF CRD ERRORS = 699000006 
MS78@-EF IO BASE ADDRESS = 28992608 
UPPER CONTROLLER MAX ADDR + 1 = 681986909 
BOARD NUMBER = 980009090 
NUMBER OF CRD ERRORS = §@9000000 
a 
MS780-E 64K CHIP AT TR GOODGOG1 
M8376 ROMS OK 
54,55,56,57,58,59, 
STARTING FPA TESTS 
9A,5B,5C,5D,5E,5F,68,61,62,63,64,65,66, 
END OF PASS @@61 


MIC> 


Upon detection of an error, Micro3 prints 
failing module. 


the 


number 


of 


the 


DIAGNOSTICS 


There are a number of simple things that can be done on the system 


to verify or detect problems. 


NOTE 


Before performing these exercises, be sure to 


turn 


cache 


this is not done, 


cache, not memory. 


Read 


off by typing >>>D 1D 18900. If 
commands 


will read 


Read and write to registers on the SBI interface (M8376): 


For example, reading and writing the data latches’ on 


the 


SBI interface board (Registers E and F) test a significant 


amount of logic on that board. 
controller 


without 


the 


example with no controllers: 


>>>E 290G2090/N: 3 


P 
P 
P 


P 


2O9HB2000 
29982004 
20882008 
29G8B200C 


>>>D/Q 28002018 @ 


>>>E/N:5 20802099 


P 
P 
E 
P 
P 
P 


Read and write to registers on 


20062000 


20882004 
200020808 


2B80G200C 
280082019 


28002014 


Register C (lower 


(upper 


associated 


controller 


with 


GG1B8E68 
OOOOFFFF 
OGOFFFFFF 
OOFFFFFF 


OG108E68 


GBGHBOOH 
POHGSOOOD 


GOODBBOD 
BODBGBOO 


GOGHCKROH 


controller 
slot 


12) 


better test of its logic is 
memory arrays. 


boards 


slot 
have a few bits that can be 
written, but their primary function is’~ to 
the arrays each controller addresses. A 


with or 
Below isS-~ an 


This may be done 
present. 


'REG A 
!REG B 
!REG C 
!REG D 


!@ DEPOSITED IN DATA LATCHES 
!EXAMINE REGS A - F 


IBITS SET - ERROR SUMMARY, 
IMISCONF IGURATION 


!DATA LATCH (REG E) 
!DATA LATCH (REG F) 


the controllers (M8375): 


18) and Register D 


record errors 


read and write to the 
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3. Read and write to memory arrays: 


Here is a way to test mask functions and extended writes 
and reads. For example: 


P>>E BO 

P §88080900 BBBBBDD 
>>>D/B 8 F 
>>>E @ 

P 88800098 B8BB0B00GF 
>>>D/B 1 F 
>>>E @ 


P 90000000 B0000FOF 
>>>D/W 2 FOFD 


>>>E @ 
P §80000000 FOFOOFOF 


>>>D/L BO @ 
>>>E @ 
P @B8860080 BBBGBRBD 
>>>D/Q O FFFFFFFFFFFFFFFF 
>>>E/Q @ 
P @Q9000000 FFFFFFFFFFFFFFFF 


Effectively, these exercises have tested most of the logic 
used in the memory. Errors will be apparent. 
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Moving controllers: 


If Micro3 identifies a controller problem (M8375), the 
problem can be followed by exchanging the positions of the 
two controllers, rerunning the diagnostic, and verifying 
that the failing controller is indeed the failing module. 
For example, move the board in slot 18 to slot 12 and 
place the board in slot 12 in slot 19. Then rerun the 
diagnostic. The failing module should have moved, 


eliminating the possibility of a problem other than on the 
module. 
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APPENDIX A 
DIAGNOSTIC USE OF REGISTERS, 
MODULE LEVEL FAULT ISOLATION 


This appendix describes various diagnostic modes available for 


use. This information is being supplied to allow exploration of 
other more sophisticated methods of diagnosis. 


A.l REGISTER A 


Register A bit 28 is the error summary bit requested by VMS. It 
is the ORed result of internal parity errors (Register A bits 19 
and 18 plus Register B bit 15 plus Register C bit 7), 
misconfiguration warnings (Register A bits 17, 16, and 15), and 
error log request (Register C bit 28). Bit 2@ cannot be directly 
cleared because all contributors must be individually cleared for 
bit 28 to read a zero. 


A.2 REGISTER B 


START ADDress is preSet in Register B bits 27:19 during powerup. 
The start address may be respecified by loading bits 27:19 with 
another address. The MS788-E minimum starting address increment 
is one megabyte. Bits 15:98 of Register B are on the memory 
controllers. Any bit asserted represents an OR of that bit 
contained in both memory subsystems. A Write to these bits writes 
both controllers. FORCE DBUS PAR ERR (bit 11), when written, is 
asserted on all three boards. On subsequent Read cycles, the 
addressed controller returns bad parity with Read data _ for 
transmission to the RDS tag. It should also set Register A bits 
19 or 18, depending on which controller was addressed. 
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Bits 18:69 set up diagnostic modes for controller and memory array 
testing. 


1. Diagnostic Mode 6 -- Bit 19 = @, bit 9 = @: Normal 
operation. 
2. Diagnostic Mode 1 -- Bit 16 = @, bit 9 = 1: Verifies the 


check bit generation logic. A Write to memory arrays is 
erformed Seis alae a. but the check bits, in addition to 
eing stored on the array with data, are also written into 
Register C bits 96:98. A subsequent Read to Register C 
can recover the seven check bits and verify the generating 
logic. Reads and Byte Writes are normal. 


3. Diagnostic Mode 2 -—- Bit 19 = 1, bit 9 = @: Tests the 
error correction logic. Writes are performed normally; 
Read commands take the 32 data bits from memory but, 
instead of using the seven check bits stored with the 
data, substitutes seven bits of Register B (86:08). By 
loading these to appropriate values for a known 32-bit 
longword stored in memory, the substituted bits can cause 
a Single-bit error determination by the ECC logic and a 
correction cycle, complementing the selected bit. The 
altered longword is sent onto the SBI with a CRD flag, and 
can be checked to see that the expected bit has_ been 
flipped. 


4. Diagnostic Mode 3 -- Bit 19 =1, bit 9 = 1: ECC bypass. 
Writes are normal. On Reads, data passes through the 
controller without’ the normal error checking and 
correction. This gives direct access to data as it is on 
the arrays. In addition, the check bits stored with the 
longword are written into Register C bits 66:99 on every 
Read. This permits the diagnostic to effectively examine 
the full 39 bits as they are stored on the arrays. 


Register B bit 8 is a refresh lock bit. While it is set, the 
controller is perpetually busy with refresh cycles and cannot 
execute a commanded Read or Write. In this state, a pair of 
extended Write cycles loads up the full set of input data latches 
of the controller. The latches are tested by loading them as 
described, and then clearing the refresh lock bit. The Writes 


Should then take place and a set of Read commands to the same 
addresses verifies that the data is intact. 
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The controller data rewrite latch is exercised by commanding an 
extended Byte Write (mask not equal to 1111 on both longwords). 
The data already at the addressed location which is to be retained 
(not written over) passes through the rewrite latch before being 
rewritten. The locations (two longwords) should be prewritten so 
that known data is returned and can be checked by Read commands 


later. Finally extended Read commands fill both data out latches 
and should be used to test them. 


A.3. REGISTERS C AND D 


Attempted access to Register C or D that is incompatible with 
interleave mode, possibly to a nonexistent controller, results in 
a normal register cycle for both Read and Write commands. Data 
returned on a Read is not valid. This is also true for the two 
phantom register locations above Registers E and F. 


In Registers C and D, bit 31 forces a controller microsequencer 
parity error, if set. This should result in bit 7 of the same 
register being set as well as the Register A error summary bit. 


Bit 30, if set, prevents single-bit errors from sending the CRD 
flag with Read data on the SBI. The error log request (bit 28) 
and the CRD error (bit 9) are still set, however. High Error Rate 
(bit 29) is set if a new single- or multiple-bit error occurs 
before the previous one has been cleared. 


Error Log Request (bit 28) is set by any Read cycle with 
detectable data errors. Although Byte Writes involve a memory 
Read, they do not set this bit, the RDS flag (bit 18), or the CRD 
flag (bit 9). In the event of a single-bit error detected during 
a Byte Write, the error is corrected but no record is’ kept. A 
multiple-bit error results in the bad data, including check bits, 
being rewritten into memory exactly as it was’ read out. A 
Subsequent Read to the location discovers the error and logs it 
properly. 


Error Address (bits 27:11) are loaded following single- or 


multiple-bit errors. If it was filled with the location of a 
Single-bit error and a multiple-bit error follows before the first 


was logged, the multiple-error address overwrites the original 
address. Any other sequence of two errors keeps the original 
address. The contents of the error address field are not valid 
unless bit 18 (RDS) or bit 9 (CRD) is set. 
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MS780-E/F MEMORY OPTION Readers Comments 
MAINTENANCE ADVISORY 


Your comments and suggestions will help us in our continuous effort to improve the quality and 
usefulness of our publications. 


What is your general reaction to this manual? In your judgment is it complete, accurate, well organized, well 
written, etc? Is it easy to use? 


What features are most useful? 


What faults or errors have you found in the manual? 


Does this manual satisfy the need you think it was intended to satisfy? 


Does it satisfy your needs?___ Why? 


Please send me the current copy of the Documentation Products Directory, which contains information 
on the remainder of DIGITAL’s technical documentation. 
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